This research work studies the impacts of irrigation and other agricultural practices on the soil along the bank of Tungan Kawo dam. The experimental analysis evaluates the soil physicochemical parameters and metal (Cd, Cu, Cr, Ni, Fe, Mn, Pb and Zn) concentrations using sequential extractions. The physicochemical parameters of the soils across the sites indicated values reported for less polluted soils. Also, analysis of total metals in the soils indicated lower concentration of all metals evaluated than recommended standard limits with exception of Cd. The results of sequential extraction of heavy metal in soil sample indicated that all metals were mainly associated with the residual, Fe-MnO and organic bound fractions. The residual fraction has the maximum concentration of metals especially in cool and dry season for Cr, Cu, Ni, Pb and Zn, whereas only a small fraction of all the heavy metal is extracted in water soluble, exchangeable and carbonate bound fractions. It indicates that the bioavailability index is low. Hence, mobility of the heavy metals by the surrounding plants grown on the soils is low.
Sample Pre-Treatment
Soil samples for metal analysis were allowed to air-dried. Dry soils were ground into fine powder and homogenized using an acid-washed clean mortar and pestle and sieved to give 200 μm particle size. They were then stored in desiccators to attain constant weight before being stored in air-tight plastic bottles. All metallic determination from soil samples was based on the fine particles obtained.
Sequential Extraction
Sequential extraction was carried out on the principle of selective extraction proposed by [12] . This method modified the conventional method developed by [13] . The modified method determines fractionation of heavy metals into six (6) geochemical fractions. 1.0 g of the homogenized sample was weighed into a conical flask and appropriate extractants were added and the pH of solution matrix was adjusted following a standard literature procedure according to [12] . The extract from the six stages of extractions were separately stored in a plastic vials prior to AAS analysis. The total concentrations of each metal were calculated as sum of the six fractions from the metal. Samples were analysed in triplicate. Sample treatment, extraction and subsequent analytical determinations were performed in a clean laboratory.
Quality control test was performed on soil and plant samples in order to validate the experimental procedures. This was done by spiking the pre-digested soil and plant samples with multielement metal standard solution (0.5 mgL −1 of Cd and Cr and 5 mgL −1 for Cu, Fe, Mn, Ni, Pb and Zn). The percentage recovery showed that 90% -95% of the spiked metals were recovered, indication of reliability of the results obtained.
Method Validation
The efficiency of the digestion method was validated by a spiking experiment as described in the preceding chapter. The percentage recoveries of metals ranged from 99.0 -108.0 in pepper and 90.0 -100.0 in soils. The pattern of recovery efficiency in both pepper and soil were found to follow the decreasing order, Cd > Pb > Ni > Mn > Cu > Zn > Cr and Pb > Mn > Cd > Zn > Cu > Ni > Cr, respectively. However, high recoveries above 90% in this study could imply that the procedures used for treatment and analysis of sample is efficient.
Physicochemical Parameters
The pH and electrical conductivity of sediment samples was measured with sediment: water ratio 1:2 using pH and electrical conductivity meters as described by [14] , organic carbon was determined by the method of [15] , cation exchangeable capacity (CEC) was determined by [14] , particle size distribution was determined by the hydrometer method as described by [16] . Also, extractable nitrate ( SO − ) and available phosphate ( 3 4 PO − ) were determined by methods described by [17] .
Results and Discussion

Physicochemical Parameters
The results of variation in physicochemical parameters from the study and control area in the four seasons are presented in Tables 1 6.62 ± 0.03 5.27 ± 0.06 0.10 ± 0.00 1.00 ± 0.00 0.05 ± 0.00 0.02 ± 0.00 7.03 ± 0.06 9.06 ± 0.00 0.80 ± 0.00 8.40 ± 0.00 2 6.40 ± 0.00 5.40 ± 0.00 0.05 ± 0.01 1.60 ± 0.00 0.08 ± 0.01 0.01 ± 0.00 7.00 ± 0.00 20.53 ± 0.01 0.70 ± 0.00 7.83 ± 0.06 3 6.40 ± 0.00 5.50 ± 0.00 0.07 ± 0.01 0.87 ± 0.01 0.08 ± 0.00 0.01 ± 0.00 7.07 ± 0.06 9.65 ± 0.01 0.57 ± 0.06 8.60 ± 0.00 4 6.50 ± 0.00 5.30 ± 0.00 0.06 ± 0.01 1.49 ± 0.03 0.08 ± 0.00 0.01 ± 0.00 7.07 ± 0.12 9.77 ± 0.01 0.57 ± 0.06 8.57 ± 0.12 Control 6.20 ± 0.00 5.10 ± 0.00 0.10 ± 0.00 1.14 ± 0.00 0.06 ± 0.00 0.01 ± 0.00 7.10 ± 0.10 9.84 ± 0.07 0.50 ± 0.00 6.20 ± 0.00 .87 ± 0.38 6.50 ± 0.00 0.08 ± 0.00 1.87 ± 0.01 0.09 ± 0.00 1.07 ± 0.01 7.80 ± 0.10 13.58 ± 0.11 1.46 ± 0.10 9.62 ± 0.01 4 9.00 ± 0.46 6.63 ± 0.49 0.07 ± 0.00 1.86 ± 0.06 0.09 ± 0.00 1.06 ± 0.01 8.33 ± 0.06 13.10 ± 0.59 0.95 ± 0.00 9.75 ± 0.01 5 9.63 ± 0.15 6.20 ± 0.36 0.08 ± 0.00 1.97 ± 0.01 0.09 ± 0.00 1.07 ± 0.01 7.80 ± 0.00 10.90 ± 1.15 0.96 ± 0.01 8.90 ± 0.11
Control 6.20 ± 0.00 5.10 ± 0.00 0.10 ± 0.00 1.14 ± 0.00 0.06 ± 0.00 1.02 ± 0.00 5.17 ± 0.06 9.84 ± 0.01 0.40 ± 0.00 5.17 ± 0.06 Table 4 . Physico-chemical parameters of soil samples during warm and dry season. same order as the study sites. Analysis of variation among the study sites across the seasons showed significant differences (p < 0.05). The varying sources of effluent discharge into the dam across the seasons could be a possible reason. Comparing the pH of study and control sites, pH at the control site is alkaline across the seasons.Within pH range of 5.8 -6.5, acidity is present (apparently from hydroxyl-Al and organic functional groups, ordinarily hydronium, in amounts sufficient to affect acid-sensitive crops [18] ). This could imply high mobility of metals within these sites to other environmental compartment. For pH at 6.5 -8.0 the soil is essentially fully base saturated, with large amounts of exchangeable Ca and Mg [19] . The pH values recorded in the study areas are similar to pH values 5.5 to 6.3 and 5.40 to 7.60 reported by [20] and [9] , respectively for some other Nigerian irrigated soils.
The electrical conductivity (EC) across the seasons, cool and dry, hot and dry, warm and wet, and warm and dry showed the range: 0.01 (site 3) -1.31 (site 4), 0.05 (site 2 and 5) -0.10 (site 1), 0.07 (site 2 and 4) -0.30 (site 1), and 0.09 (site 3, 4 and 5) -0.15 μS/cm (site 1) for the seasons respectively, 0.05, 0.10, 0.10 and 0.10 μS/cm were the EC values for the control site across the seasons in the same order. There were significant differences (p < 0.05) in EC among the various sites. Highest values of EC were recorded at site 4 during cool and dry season. Analysis of variation also indicated that mean values of EC did vary between and within seasons, and did show seasonal pattern. Generally, the values reported in this study are lower than 3 -80 μS/cm reported in Bakori Dam irrigation soils [20] . By comparison, [21] classified ECE of soils (in dSm −1 ) as: non-saline <2; moderately saline 2 -8; very saline 8 -16; extremely saline >16. Across the seasons EC < 1 which indicated no acute problems with soil salinity.
Seasonal variation in percentage organic matter (OM) and the variations between sampling sites were observed. The OM varied between 0.52 (site 2) -0.78 (site 1 and 4), 0.87 (site 3) -1.60 (site 2), 1.86 (site 4) -2.10 (site 1), and 0.97 (site 3) -1.62% (site 2) for cool and dry season, hot and dry season, warm and wet season, and warm and dry season, respectively for study sites. However, 2.35, 1.14, 1.14 and 1.14 were observed for the control site across the seasons. Analysis of variation among the study sites across the seasons showed significant differences (p < 0.05). Higher OM content in control site compare to study site (cool and dry season) could be due decomposition of weed plants over a long period as compare to study area where these are not found. The range of OM in this study is lower than 2.04% to 2.20% reported by [9] . However, the values are typically low and characteristic of savanna soils because of rapid decomposition of plant and animal residues added to soil [22] . This implies that the soil organic matter contains humic materials with low complex functional groups, which have the ability to complex metals thereby retaining them in the topsoil [23] . The more organic matter is present in soil, the more functional groups available for complexation with the metals, hence, the more the retention [24] . The organic matter of soils in the present study indicated low retention of metals, thereby making them available for plant uptake.
The total nitrogen (TN) in the soil varied between 0.04 (site 2) -0.08% (site 4) for cool and dry season, 0.05 (site 1) -0.08% (site 2, 3 and 4) for hot and dry season, 0.07 (site 1) -0.09% (site 3, 4 and 5) for warm and wet season, and 0.07 (site 1 and 5) -0.09% (site 3) during warm and dry season. Across the seasons highest TN was recorded at site 3 (0.09%d) during warm and dry season. For the control site, TN (%) were observed to be 0.18, 0.06, 0.06 and 0.06 for cool and dry season, hot and dry season, warm and wet season, and warm and dry season, respectively. There were no significant differences (p > 0.05) in EC among the various sites. Analysis of variation also indicated that mean values of EC did vary between and within seasons, and did show seasonal pattern. Across the seasons, there is a general increase in TN in all sites, this suggest increase in content of nitrogen in the soils. The range of TN in this study is lower than the range of 0.5 to 21.9% reported in Nigeria [20] .
The concentration of nitrate ( 
NO
− values were 0.01, 0.01, 1.02 and 0.01 mg/l for cool and dry, hot and dry, warm and wet, and warm and dry seasons, respectively. Analysis of variance among the various sampling sites showed significant differences (p < 0.05). Generally, highest concentrations of 3 
− in soil were revealed during warm and dry season. Nitrate is among one of the macro nutrients necessary for plant growth [25] . The magnitude of nitrate in leaching will depend on the amount of nitrates in the soil, amount and time of rainfall, infiltration and percolation rates and also the water-holding capacity of the soil [26] . The amount of nitrate in the study area is higher than the control area, this suggest input of fertilizer used during irrigation responsible for the increase in the study sites. This also corroborate with the increase in the coefficient of nitrate during hot and dry, warm and wet, and warm and dry seasons. Also, from the results in the cool and dry season, there seems to be no clear trend in the level of nitrate across the sites. However, there is a gradual increase in nitrate across the sites down the warm and dry season. The values in this study is lower than range of 0.2 -4.62 mg/L reported by [20] .
The available phosphorus (AP) across the seasons, cool and dry, hot and dry, warm and wet, and warm and dry showed the range: 7.81 (site 1) -13. [25] . Phosphorus is among the nutrient added to the soils through the application of fertilizer, hence, comparison of AP between study and control sites showed that control site has high level of phosphorus, this suggest possible input of phosphate from other anthropogenic sources. Across the seasons, there is no clear trend in the level of AP in the sites, although highest range of 6.63 -29.17 mg/100g was observed in warm and dry season. This could be related to strong positive correlation between the AP concentration and pH and organic matter. Similar relationship was also reported by [25] . However, the concentration of AP was higher than 0.3 -0.6 mg/100g reported in related study in Nigeria [20] .
Sulphate ( 
SO
− values were 15.07, 9.84, 9.84 and 9.70 mg/l for cool and dry, hot and dry, warm and wet, and warm and dry seasons, respectively. The profile of sulphate ( 2 4 SO − ) content of the soils of the study areas decreases in the warm and dry season (9.60 -11.53 mg/l). The decrease in sulphate content of the soils could result from the parent materials, high leaching rates, crop removal and low level of atmospheric sulphur-bearing air [27] . Retention of sulphate in soils is highly dependent on pH and mineralogy and this is supported with strong positive correlation between 2 4 SO − , pH and organic matter. Also the fate of sulphate in the soil is influenced by many chemical, biological and physical factors and the ability of the soil to adsorb the sulphates occurs above a pH of 6.5 but adsorption increases as pH decreases [28] , this was not observed in this study. In comparison to other studies range of values across the seasons was lower than 13.7 -94.4 mg/L reported in literature [20] . Fluctuation in amount of 2 4 SO − across the season may occur as a result of leaching, mineralization of organic sulphur and uptake by plants [25] .
Chloride ( − values were 2.23, 0.50, 0.40 and 0.50 mg/l for cool and dry, hot and dry, warm and wet, and warm and dry seasons, respectively. According to [25] , Cl − content of the soil is not an intrinsic property of the soil, but is a result of soil management, because of the its mobility in the soil and the fact that it moves with the water in the soil. This could explain the increase in the amount of Cl − during the warm and wet season (0.90 -1.46 mg/l) with a slight decrease (0.57 -0.80 mg/l) in warm and dry season-a season after rains. This occur as a result of the fact that Cl − is not adsorbed on the soil particles at neutral and alkaline pH values [29] which is the pH prevalence during the warm and wet, and warm and dry seasons. The Cl − concentrations in the control sites are higher than the study sites in cool and dry season, this could occur as a result of anthropogenic inputs. The results recorded in this study are lower compare to 1.2 -40.8 mg/l reported in Bakori [20] .
CEC also varied between 5.17 (site 4) -9. for cool and dry, hot and dry, warm and wet, and warm and dry seasons, respectively. Similar, to percentage organic matter content, highest CEC were obtained during warm and wet season across all sites. Analysis of variation showed significant differences (p < 0.05) in the value of CEC recorded among the sites across the seasons. Comparing the study and control sites, high values were obtained in study sites with exception in cool and dry season. The CEC of soils is related to the nature and quality of clay and organic matter. Hence, high % organic carbon from these sites could be responsible for the CEC. According to [9] , CEC of soil is more greatly influenced by organic matter than by the concentration of clays, hence CEC tends to be higher in the study sites than the control sites. For savanna soils dominated by low-activity clay and low organic matter, the CEC is quite low. According to [22] and Wild (1975) , CEC of savanna soils is more greatly influenced by organic matter than by the concentration of clays, hence CEC tends to be higher in the studied soils.
Multivariate correlation analysis between various soil physicochemical parameters across the seasons is presented in Tables 5-8 . Some of the parameters were found to bear statistically significant correlation with each (Table 10) , similar relationships were observed between the parameters as recorded in cool and dry season with few exceptions. On the other hand, negative correlation was also observed between CEC: ECE (p < 0.01) in cool and dry season, ECE: pH and CEC, and TN: ECE in hot and dry season (p < 0.01). Significant negative correlations among the physicochemical parameters imply that increase in level of one of the parameter would increase the other.
Total Metal Concentration in Soil
The total metals concentration of namely Cd, Cr, Cu, Fe, Ni, Pb and Znin soils samples from the sites studied are presented in Tables 9-12 . In each case the presented value is a mean observed in three determinations. Analysis of variance (ANOVA) revealed significant differences (p < 0.05) in the contents of all the heavy metals across seasons with exception of Cr and Zn. Irrespective of sampling site, the distribution of total metals in the soil samples generally followed the order: Fe > Zn > Cr > Mn > Pb > Ni > Cu > Cd. Highest levels of Cd, Cr and Cu were found at site 5, while highest concentrations of Fe, Mn, Pb and Zn, and Ni were found at site 1 and 2, respectively. Also in all the sites, highest concentration of Cr, Cu, Ni and Pb was recorded in cool and dry season, Fe, Mn and Zn was recorded in warm and wet season, and Cd was recorded in warm and dry season.
Correlation analysis as shown in Tables From the result as presented for the metals (Tables 9-12 ), it is observed that the concentrations of Cd and Zn in the soil during warm and wet, and warm and dry seasons across the sites is above 1 -3 and 50 -300 mg/kg recommended for these metals in soil by European Standards . The values in this study is higher than 0.27 -1.47 and 32.30 -98.50 mg/kg reported in soils [9] . A study by [30] on heavy metal content of agricultural soils recorded lower levels of Cd in the soil ranging from 0.150 -0.880 mg/kg, hence, concentration above EU limits could reflects the influence of human activity. The concentrations of Cr, Cu, Mn, Ni and Pb were within the ranging from 104.30 -230.00, 58.30 -207.50, 51.67 -97.50, 39.30 -99.50 and 60.00 -143.30 mg/kg recorded for Cr, Cu, Mn, Ni and Pb, respectively in irrigated soils [9] . Similarly, the values recorded for these metals are below 400, 140, 300, 50, 300 mg/kg the maximum permissible levels for soils recommended by [31] and EU for the metals. The distribution of heavy metals Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn in the six fractions (water soluble (FI) exchangeable (FII), carbonate bound (FIII), Fe-Mn oxide (FIV), organic bound (FV) and residual (FVI)) for all the samples are summarized in Tables 17-24 . The results obtained showed that the amounts of heavy metals extracted from each fraction varied widely among the sites across seasons (p < 0.05).
As observed in Table 17 est concentration 0.99 mg/kg is associated with the organic bound fraction for Cd in. This situation is however different from [13] , where insignificant amount of Cd are associated with organic bound fraction, whereas in the other fractions Cd concentrations were below the limit of detection. Association of Cd to the organic bound fraction does not generally constitute an environmental risk. This is due to retention of this metal by ion-exchange proton displacement, and inner and out-spheres complex formation [32] . Consequently, considerable amount of Cd are retained in this fraction, which is less mobile, since it is considered to be associated with higher molecular weight stable and humic substance which release small amounts of metal gradually [33] (1999).
As shown in Table 18 , Cr across the sites was dominant in the residual fraction across the seasons (13.68 -46.72 mg/kg). Highest concentration in the residual of Cr was obtained in site 5 in warm and dry season, then in the Fe-MnO fraction (2.38 -5.80 mg/kg). Highest concentration of Cr is associated with residual fraction. Small amount of Cr associated with water soluble fraction are noticed in all the sites. This is similar to [34] where no Cr was detected in the first three fractions. According to them, the leaching of Cr to the environment from these samples may not occur readily. Cr (VI) is a highly toxic metal that has been linked to cancer in humans following prolonged inhalation, and is toxic to plants at relatively low concentrations [35] .
For Cu (Table 19) , the residual (site 3) and organic bound (site 1) fractions exhibited the highest concentration of 41.33 and 3.83 mg/kg in cool and dry, and warm and wet season, respectively. Dominant level of Cu in the exchangeable phase at site 2 was observed, while in warm and dry season, the carbonate bound fraction dominated at site 5.
Also, the predominant form of Cu available in the entire fractions is residual, exchangeable and carbonate bound fractions. The high % of Cu in the residual fraction is due to stable nature of the compound and the fact that the metals are bonded firmly within a mineral lattice restricted the bioavailability of this metal [36] [37] . This coincides with the researches carried out on soils in China [38] [39] .
Fe across the sites was also associated mostly with the residual phase followed by Fe-MnO and organic bound fractions as shown in Table 20 , the concentration ranged 630.33 -3173. 40, 8.35 -1030.24, 16 .01 -92.98 mg/kg, respectively across the seasons. Highest concentration of 3173.40 mg/kg was recorded in the residual fraction at site 2 in warm and wet season. Though Fe is not toxic heavy metals, it analysis in the present study indicates its predominance of all the metal in all sites. Since the Fe concentration is very high in the residual fraction, the residual fraction could be converted to reducible fraction by the activity of plant roots, hence, available for plant uptake [40] .
The behaviour of Mn was quite different from other metals in that percentage fractions were mainly associated with the exchangeable fraction of the soil samples (site 1) ranging from 0.20 -13.52 mg/kg ( Table 21) . Availability of Mn in soils pose no threat to the plants especially at low concentrations recorded in the study.
As shown in Table 22 , Ni across the sites was dominant in the residual fraction across the seasons (4.62 -115.70 mg/kg). Highest concentration in the residual of Cr was obtained in site 5 in cool and dry season, then in the Fe-MnO fraction (2.40 -6.71 mg/kg).Residual, Fe-MnO and organic bound fraction is the predominant form of Ni in all the samples in the cool and dry season. 1.31 -7.36 and 0.66 -7.64 mg/kg is in the exchangeable and carbonate fractions, respectively which can cause environmental toxicity during mobility [41] . Similar to this study, [41] showed that Ni in soils was concentrated in residual fractions. However, in this study, toxicity of Ni is not important because of its low concentration in the mobile and bioavailable fractions.
Highest concentration in residual of Pb was obtained in site 1 during the cool and dry season, then in the Fe-MnO fraction (2.49 -5.14 mg/kg) as shown in Table 23 . Furthermore, with the exception of cool and dry season, lowest level of Pb was observed in the organic bound fraction. From the results, Pb in the soils was found at concentration range of 148.20 -149.80 mg/kg in residual fraction during the cool and dry season across the sites, while, smaller amount was bound to water soluble and Fe-MnO fraction. A similar distribution of Pb forms among fractions was reported for the fluvial deposits by [42] .
As for Zn, significant amounts of the metal were associated with the residual fraction ( Table 24 ) especially in cool and dry, however, in hot and dry season, highest concentration of Zn was associated with organic bound fraction (100.95 mg/kg). In warm and dry season, the dominant fraction across the sites was Fe-MnO (155. 16 -155 .83 mg/kg). Higher concentration of Zn in Fe-MnO fraction can be attributed to diffusion mechanism [43] . This metal can be release into the environment under extremely reducible conditions [34] .
Conclusions
1) The physicochemical parameters of the soils across the sites indicated values reported for less polluted soils.
2) With the exception of Cd, all metals evaluated in this study were lower than recommended standard limits.
3) The results of sequential extraction of heavy metal in soil sample indicated that all metals were mainly associated with the residual, Fe-MnO and organic bound fractions. The residual fraction had the maximum concentration of metals especially in cool and dry season for Cr, Cu, Ni, Pb and Zn, whereas only a small fraction of all the heavy metal was extracted in water soluble, exchangeable and carbonate bound fractions. It indicated that the bioavailability index was low. Hence, mobility of the heavy metals by the surrounding plants grown on the soils was low.
